A 1-year 9-month-old girl presented with achondroplasia. Serial magnetic resonance (MR) imaging demonstrated mild compression of the medulla oblongata by the occipital bone, macrocrania, and progressive hydrocephalus. Cerebrospinal fluid (CSF) flow study using MR imaging clearly demonstrated CSF flow disturbance at the cervicospinal junction. Foramen magnum decompression was performed for her hydrocephalus and compressed medulla. Postoperative CSF flow study demonstrated improvement of CSF flow at the craniocervical junction. The patient has remained in a stable condition for 7 months postoperatively. Achondroplasia represents hydrocephalus or medullary compression caused by narrowed foramen magnum, which can result in sudden death in some infants. Surgical indications and methods for hydrocephalus combined with achondroplasia remain controversial because the natural history of the hydrocephalus has remained unclear. CSF flow study using MR imaging can provide useful information regarding the surgical indication and methods for the treatment of hydrocephalus combined with achondroplasia.
Introduction
Achondroplasia is an autosomal dominant condition caused by point mutation of the chromosome 4 gene, but most cases show a new activating mutation. 1, 3) The incidence is 1 per 26,000 births. 8) Achondroplasia manifests hydrocephalus or medullary compression caused by narrowed foramen magnum, resulting in respiratory failure or sudden death in some cases. Medullar compression causes respiratory failure. 1, 4) The mortality of achondroplasia ranges from 2.7% to 7.5%. 8) The natural history of hydrocephalus combined with achondroplasia is not known, so the risk of sudden death, surgical indications, and surgical methods remain controversial. 2, 10) The present study evaluated cerebrospinal fluid (CSF) flow study using magnetic resonance (MR) imaging to clarify the indications for surgery in a patient with hydrocephalus combined with achondroplasia.
Case Report
A 1-year 9-month-old girl presented with achondroplasia.
Serial MR imaging demonstrated progressive hydrocephalus and macrocrania. Deformation of her extremities and enlarging head size were noted without symptoms of raised intracranial pressure or medullar compression. Computed tomography (CT) showed no obvious signs of jugular foramen stenosis (Fig. 1A) . Three-dimensional CT venography clearly demarcated the occipital sinus, the marginal sinus, and the right condylar emissary vein despite hypoplasia of the bilateral transverse sinuses (Fig.  1B, C) . Preoperative MR imaging demonstrated mild brain stem compression and effacement of the CSF space at the craniocervical junction caused by mild foramen magnum stenosis (Fig. 2) . CSF flow study using phase contrast MR imaging demonstrated CSF circulation disturbance at the craniocervical junction (Fig. 3A) .
Foramen magnum decompression and laminectomy of the C1 were performed. Thickened posterior rim of foramen magnum and fibrous epidural band had compressed the medulla oblongata. The occipital sinus and marginal sinus were well demarcated and careful manipulation avoided injury. Postoperative MR imaging demonstrated decompression of the medullar oblongata and improvement of CSF flow at the craniocervical junction (Fig. 3B) . Hydrocephalus has been arrested for 7 months postopera- 
Discussion
Ventriculo-peritoneal shunt, 1) foramen magnum decompression, 2) or venous decompression at the jugular foramen 5) have been performed for hydrocephalus. Hydrocephalus combined with achondroplasia has been confirmed radiographically rather than clinically, since the patient remains asymptomatic. Careful screening for symptoms is needed before decision making regarding shunt implantation. 1) Foramen magnum decompression is commonly performed to relieve medullar compression caused by the narrowed foramen magnum. The previously reported criteria for decompression are as follows: Severe lower limb hyperreflexia or clonus, central apnea or hypopnea on polysomnography, or narrowed foramen magnum with cervicospinal compression or diminished CSF flow on MR imaging. 7) Foramen magnum decompression is also effective for some patients with hydrocephalus. Decompression will not be effective for patients with hydrocephalus caused by venous flow disturbance at the craniocervical junction. Such patients should be treated by ventriculo-peritoneal shunting.
2) The degree of venous narrowing at the jugular foramen and types of collateral circulation on MR venography are correlated with the ventricular size in patients with achondroplasia, as patients with progressive hydrocephalus demonstrated bilateral narrowing of the jugular foramen. 6) Hydrocephalus combined with achondroplasia is caused by venous flow disturbance or CSF flow disturbance at the craniocervical junction. 9) Therefore, evaluation of the pattern of the venous circulation system is important.
In the present case, cine mode MR imaging demonstrated CSF flow disturbance at the cervicospinal junction despite the mild foramen magnum stenosis and medullar compression. These findings indicate that foramen magnum decompression was appropriate to prevent progression of hydrocephalus. Three-dimensional CT angiography also provided important information regarding the particular venous structures around the foramen magnum.
In the present case, the narrowed foramen magnum and the thickened epidural band caused effacement of the CSF space at the craniocervical junction. Therefore, CSF flow study using MR imaging is recommended to obtain useful information regarding the surgical indication and methods for the treatment of hydrocephalus combined with achondroplasia.
